The Kazakh inhabitants living in Barkol pasture of northeast China belong to a genetic isolate characterized by ethnically homogeneous and a communal pastoral lifestyle. To investigate whether the polymorphisms in the G-protein b-3 subunit (GNB3) gene and angiotensin-converting enzyme (ACE) gene are associated with essential hypertension (EH), we carried out a case-control study of 290 hypertensive subjects and 244 normotensive (NT) controls randomly selected from Kazakh populations of Barkol. A previous medical history of diabetes and hypertension, and body mass index (BMI) was recorded. Plasma glucose, triglyceride, and cholesterol were measured. The insertion/deletion (I/D) polymorphism of the ACE gene and the C825T polymorphism of the GNB3 gene were determined by the polymerase chain reaction (PCR) technique. The distributions of genotypes and alleles for the two polymorphisms did not differ significantly between the case and control populations, and odds ratio of EH related to the ACE gene D allele and GNB3 gene T allele was not significantly different from 1.0. Logistic regression analysis shows the variation at the GNB3 and ACE did not have any statistically significant synergistic effect on blood pressure (BP). Stratification of NT and untreated hypertensives according to I/D polymorphism of ACE gene and C825T polymorphism of GNB3 gene disclosed no significant difference across genotypes with respect to BMI, glucose, triglyceride, cholesterol, systolic and diastolic BP. In conclusion, the polymorphisms in the GNB3 gene and ACE gene, solely or combined, did not confer a significantly increased risk for the development of EH in the Kazakh isolate of northeast China.
Introduction
Hypertension is a public health problem of enormous magnitude in both developed and developing countries. It has been estimated that 20-60% of the interindividual variability in blood pressure (BP) levels is due to genetic differences, 1 but until now the genes responsible for susceptibility to essential hypertension (EH) are mostly unknown. Angiotensin-converting enzyme (ACE), an important component of the rennin-angiotensin system, regulates BP by activating an inactive angiotensin I (AT-I) into a potent vasopressor, angiotensin II (AT-II), and inactivating a potent vasodilator, bradykinin.
2 Since Rigat et al 3 identified a biallelic polymorphism in the ACE gene that is characterized by either the absence (deletion D) or presence (insertion I) of a 287-bp Alu repeat sequence, several studies have shown an association of ACE genotype with BP, 4, 5 whereas other studies have not. [6] [7] [8] G-protein is a heterotrimeric protein that consists of a-, b-, and gsubunits. G-proteins mediate the functional responses of numerous agonists. 9 Hence, variations within genes coding for these proteins may be of significance in cardiovascular disease. Siffert et al 10 described a C825T polymorphism in G-protein b-3 subunit (GNB3), the gene encoding for the b-3 subunit of heterotrimetric G-proteins, and reported a significant association of the 825T allele with EH in 426 unselected patients in Germany. This genetic finding was supported by other associate study in Europeans, 11 Australian white populations, 12 and Canadian aborigines, 13 but in African Americans 14 have proved conflicting. The primary goal of this study was to investigate the effect of GNB3 gene C825T polymorphism and ACE gene I/D polymorphisms on EH in a Kazakh genetic isolate, solely or combined. The population size of Kazakh was estimated to be 13 million around the world. A total of 10 million Kazakh population is distributed in Kazakhstan and 2 million in China. The incidence of hypertension of Kazakh is one of the five highest of the 56 nationalities in China. 15 The population in the present study is a Kazakh-isolated community located northeast of Xinjiang. The genetic homogeneity and geographic stability of the population, along with shared exposure to common environmental variables, provided an excellent opportunity for the study of genetic influence on hypertension. Our work is, to our knowledge, the first one to be conducted in a Kazakh population.
Materials and methods

Study subjects
The Kazakh participants in our investigation live in six villages of Barkol pasture, which have a Kazakh population of 40 000. A total of 534 unrelated members of this community aged 430 years are eligible for the present study. The Subjects answered a structured questionnaire for medical history and physical examination included determination of body mass index (BMI), defined as weight/height (kg/m 2 ) and two separate BP determinations in the right arm with the subject seated. Systolic BP was recorded to the nearest 2 mmHg at the appearance of the first Korotkoff sound (phase I), and diastolic BP was recorded to the nearest 2 mmHg at the disappearance of the fifth Korotkoff sound (phase V). Individuals with systolic BP of X160 mmHg, diastolic BP of X95 mmHg, or both or who had been previously diagnosed as hypertensives were classified as hypertensive. Individuals whose systolic and diastolic BP were p139 mmHg and o90 mmHg, respectively, and who had not been previously diagnosed as hypertensive in the absence of hypertensive family history were classified as normotensive (NT) controls. Exclusion criteria included age p30 years, evidence of secondary cause of hypertension, overdose alcohol, taking contraceptive, and subjects with diabetes mellitus. Subjects with a history of kidney failure and obesity (BMI 433 kg/ m 2 ) were also excluded. Biochemical analysis includes triglyceride, cholesterol, and plasma glucose. Blood samples were obtained with informed consent after a more than 10-h fasting period. Subject's currently more than 60 years old may also be eligible, provided that documentation of their hypertension status before the age of 60 years is available. A total of 26 hypertensive individuals had previously received antihypertensive treatment. They were excluded when we analyzed the clinical parameters according to genotype at C825T polymorphism of the GNB3 gene and I/D polymorphism of the ACE gene. The Human Ethnics Committee of Xinjiang Medical University approved the research.
Experimental procedures
Blood was taken into EDTA-containing receptacles and genetic DNA extracted by means of a standard phenol-chloroform method. 16 Detection of the C825T variant of the GNB3 gene and I/D polymorphism of ACE gene was carried out with the polymerase chain reaction (PCR) method. The primers were selected according to Siffert et al 10 and Rigat et al, 3 respectively. The thermocycling procedure was carried out in a Perkin-Elmer 9600 thermocycler (Foster City, CA, USA). Amplification reactions were performed in a final volume of 30 ml containing 100 ng genomic DNA, 1.5 mM MgCl 2 , 50 mM KCl, 10 mM Tris HCl, 0.2 mM of each dNTP, 10 pmol of both primers, 1.5 ml 5% DMSO, and 1U Taq DNA polymerase (Sangon, Shanghai, PR China). The PCR protocol of GNB3 C825T consists of 5 min at 941C; 35 cycles of 45 s at 941C, 45 s at 601C, and 1 min at 721C; 10 min at 721C. The PCR protocol of ACE I/D polymorphism consists of 5 min at 941C; 35 cycles of 45 s at 941C, 45 s at 581C, and 1 min at 721C; 6 min at 721C. The PCR products of GNB3 gene were digested by BseD1 (1 U/2 ml PCR product) at 651C for 4 h separated on 2.5% agarose gels containing ethidium bromide and visualized under UV illumination. The unrestricted PCR product (TT genotype) has a size of 268 bp. Complete restriction (CC genotype) generates bands of 152 and 116 bp. The lengths of the I/D polymorphism fragments separated were 490 and 190 bp.
Statistical analysis
The continuous variables are expressed as mean7s.d. For a preliminary analysis, association for two groups was tested by Student's t-test for continuous variables and by an w 2 -test for dichotomous variables. Comparison of different parameters across genotypes of C825T and I/D polymorphisms was by one-way ANOVA. The parameters include age, BMI, triglyceride, cholesterol, plasma glucose, SBP, and DBP. ORs with 95% confidence interval (CI) estimate the relatives risk for EH associate with the respective genotypes. Interaction between genotypes at the ACE locus and GNB3 was estimated within the logistic model. The significance level was set at a ¼ 0.05. For the statistical evaluation of data including the power calculation, the SPSS software version 10.0 for windows was used.
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Results
Hypertensive subjects and NT controls were comparable with respect to common risk factors, and there was no statistic significance between investigated risk factors (Table 1) . In all, 26 hypertensive subjects were receiving antihypertensive treatment at the time of the study. Despite this, BP in the EH group was significantly higher than in the NT group (Po0.0005). The EH and NT groups were in HardyWeinberg equilibrium for both polymorphisms. The ACE genotype distribution (II, ID, and DD) and allele frequency (I, D) were similar in both groups (P40.05) ( Table 2 ). OR of hypertensives related to the ACE gene D allele was not significantly different from 1.0 (Table 3 ). The GNB3 genotype distribution (TT, CT, and CC) and allele frequency (T, C) were similar in the hypertensive group and the NT group (P40.05) ( Table 2) , and logistic regression analysis yielded no significant ORs for hypertensives in 825T carriers (Table 3) . Stratification of NT and untreated hypertensives according to I/D polymorphism of ACE gene and C825T polymorphism of GNB3 gene disclosed no significant differences across genotypes with respect to BMI, glucose, triglyceride, cholesterol, systolic BP, and diastolic BP ( Table 4 ). The distribution of allele and genotype frequencies did not differ significantly between male and female hypertensives and male and female NT (data not shown).
We did not observe significant interaction between genotypes GNB3 and the ACE with respect to hypertension (P40.05). Subsequently, a stratified analysis was performed with respect to genotypes to study the specific effects of the GNB3 C825T genotypes. The GNB3 genotype distribution and 825T allele frequency was not significantly different between two groups within the ACE DD genotype (P40.05), and no significant effect was observed within the ACE ID and ACE DD genotype ( 
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Discussion
In the present study, the GNB3 825T allele and ACE D allele were not associated with EH in a Kazakh genetic isolate. The recent study by Siffert et al 10 reported a positive association between the T variants of the Gb-3-C825T genotype with EH in subjects coming from three areas of Germany. Subsequent report from some researchers in Europe 11, 17 and Australia 12 had similar results. However, results of studies investigating the association between the GNB3 C825T polymorphism and hypertension in Japanese, 18 Tanwan Hans, 19 Canadian Oji-cree, 13 and African Americans 14 have proved conflicting. Our findings contrast with those of Siffert et al 10 but is consistent with other reports about this particular polymorphism. Although circumstantial evidence suggests that ACE plays an important role in the regulation of BP, particularly in the experimental setup of gene target in mice, animals that express only serum ACE but lack tissue ACE and have a low BP, 20 the relationship between ACE I/D polymorphism and hypertension is under controversy. Various reports described the D allele as a risk factor for EH in various populations whereas other studies disagree with that hypothesis. Evidence from this study also does not extend the hypothesis to our Kazakh populations.
The absence of an observed association and interactive effect requires careful interpretation. The discrepancy between positive and negative results might come from variations in the ethnic groups studied, from differences in the severity of hypertension in the affected patients studied, or Previous studies have shown that the I/D polymorphism in the ACE gene accounts for half of the variance of serum ACE levels. 26 Since ACE mediates the conversion of AT-I to AT-II, 2 and the D allele of the ACE gene is a marker for high levels of circulating ACE, 3, 27 and since AT-II receptors are typical G-protein-coupled receptors, 28 thus it may be plausible that a gene variant associate with increased serum ACE concentrations (ACE D allele) may become pathophysiologically important in individuals whose genetic makeup comprises an allelic variant that causes an increased cell responsiveness. In this respect, the GNB3 825T allele represents an attractive candidate to interact with the ACE D allele.
The observed interaction effect of gene products could contribute to the pathogenetic mechanism leading to hypertension because complex traits such as EH are usually not controlled by only a single disease locus but often involve multiple genetic and environmental factors. Following the hypothesis described above, we did not observe a significant interaction between ACE gene and GNB3 gene. Subsequent stratification was performed with respect to the ACE genotypes, but did not find any increased OR for hypertension associated with GNB3 825T allele in individuals with DD, ID and II genotype.
As in all studies investigating associations between genetic polymorphisms and quantitative or qualitative traits, the genetic background and homogeneity of the study populations may influence the results. For the two genes we selected, one possibility is that the ACE gene D allele and GNB3 gene 825T may exert detectable BP effects in other populations, but not in our Kazakh isolate in Xinjiang, China. Another possibility is that the statistical power is affected by different population frequencies of genotype and allele. The negative interactive results of ACE gene and GNB3 gene in Barkol Kazakh in China may be due to the district epidemiological profiles of this region. Barkol pasture is remote from modernized urban centres, so the two groups under study are highly homogeneous with respect to a variety of factors such as social structure, profession, living environment, and lifestyle. Barkol Kazakh differs markedly from the samples of industrialized societies. These distinct epidemiological profiles may explain the different roles of ACE and GNB3 polymorphisms in conferring genetic susceptibility to hypertension in Western societies.
Although the known environmental exposures leading to hypertension are difficult to be quantified, it has been estimated that these exposures collectively account for up to 25% of the variance in BP within societies. 29 Barkol pasture is situated at the north of the Tian-Shan Mountain, the average annual temperature of Barkol pasture is 41C, and the average elevation is 2000 m. The resident population is quite stable. Geographic environment of Barkol is blocking, and the residence seldom married with people outside. The diet habits of Barkol Kazakh are high in saturated fats, high NaCl intake, and low vegetables consumptions. All these factors can contribute to an elevated BP. As we know, complex quantitative traits such as BP are influenced by genetic and nongenetic factors. Candidate genes that determine BP variation include those whose products have a direct and an indirect role in vascular biology. If a gene (eg ACE or GNB3) is not the main susceptible one and if environmental factors interact to influence BP simultaneously, the role of this specific gene to elevated BP may be difficult to estimate.
In summary, we found no interaction of ACE D Allele and the GNB3 825T allele with respect to hypertension in a Kazakh isolate, and neither of these two genes related to this disease. Our results demonstrate that if genetic variants of GNB3 and ACE genes indeed contribute to EH, then their role may depend on ethnic background. These data, however, do not preclude the possibility that other variants in and around these same genes may influence BP levels and the occurrence of hypertension in the Kazakh population.
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